The nonvolatile orgainic acicls uncloubte(dly play a role in fruit ripening as they (1o in many other metabolic processes. As an approach to definiing this role in the banania fruit, informatioin is needled on the nature of these acids and on the chainges which occur dluring ripening.
oIn the organic acids in bananas or on the changes wvhich occur during ripening. The mlalic acid concentration has been reported to vary betw\een 0.8 and 7.5 me( 1(00 g fresh weight (23) anid( to increase three to sevenfold during ripening (2, 8) . Pyruvic, a-ketoglutaric, and oxaloacetic acidls also increase (lurinlg the ripening (2) .
The present studly wN-as un(lertakein to confirnm the i(lentity, of the nonvolatile organic acidls of the banana fruit andl to dletermine the concentration of these acids througlhout ripening.
Materials and Methods
Plant Ilaterial. Three stemls of imiature, green banana fruit (MI;usa acumnzinata var. Gros MIichel) were obtained from Central America over a period of ap)proximately 4 months. A blemlislh-free han(d fron each stemii was ripened at 14°an(d 90(4, relative humi(litv, after brief treatment witlh 1000 ppm of ethylene (22) . Single bananas were dletachedl at several stages of ripening, as determiinedl by the peel color, for measurement of CO2 pro(luctioon and( for subsequient (leterminiation of the organic aci(ls. To mlake certain that the ripening of the chosen banana was neither greatly retarded nor greatly advanced, its CO2 productioni was compared at each stage with that of at least one other banana fronm the han(l. CO2 produc-I Received Oct. 21, 1963. tion Was (19) and maintaine(l its titer for several miiontlls when store(l in the (lark.
The keto acids were extractedl as tlle 2.4 (linitropheny1lhydrazolne (lerivatives (21 ) which were separatecl on paper chromiiatogramiis (16) . The amino aci(l (lerivatives of the keto acidls were prepared by the proce(lure of Towers et al. (21) alnd were separate(l both oIn paper chroniatograms (7) and on the Spinco amino aci(l analyzer.
Results
Identification of the Acids. Figure 1 fied from their positions on the gradient elution chromatogram and by paper chromatography of aliquots from each fraction. In most cases, the identities were confirmed both by specific tests (table I) and by comparison with authentic acids in silica gel chromatography. Glutaric acid was identified only (15) . The banana samples were therefore all classified as preclimacteric, climacteric, or post-climacteric, based on their CO2 production. Table II shows the CO2 production, peel colors and organic acid content of the bananas at these 3 stages. The data showed good agreement for the 3 independent experiments. Aliquots from the various peaks were checked at each stage of ripening via paper chromatography to verify the identity of the acids. The "citric peak" (Peak VII, fig 1) always contained significant amounts of phosphates and unknown C.
The acids in Peaks I through V, figure 1, have been pooled as "other acids," since the individual acids all occurred in trace quantities (0.005 to 0.1 meq/100 g fr wt) and showed little or no change during ripening.
Oxalic acid was determined in separate aliquots of the alcoholic extract. Identical results were obtained at all stages of ripening when comparable samples were extracted with 1 N HCl, thus indicating that the oxalic acid was present in some form other than calcium oxalate.
No attempt was made to obtain quantitative data on the keto acids.
Discussion
Our results indicate that there are 14 organic acids, other than keto acids, which occur in the banana fruit pulp at concentrations greater than 0.005 meq/ 100 g fresh weight. Presumably many of the acids detected by Steward et al. (20) were present in concentrations below this lower limit. The methods used in the earlier studies (13, 23, 26) were generally not sensitive enough to detect the minor acids. With a few exceptions, we have identified the same acids reported by Steward et al. (20) . They reported lactic, tartaric, pyroglutamic and citramalic acids in addition to those we identified; we have added glutaric acid to the list. We have also confirmed the fact that malic and citric are major acids. Our results differ from all the earlier studies in finding oxalic acid to be a major acidl at all stages of ripeness. The oxalic acid occurs entirely in soluble form, probably as potassium or sodium salts.
We have detected only 8 keto acids in ripe pulp in contrast to the 22 keto acids reported by Steward et al. (20) . Here again the difference probably resides in the fact that Steward et al. (20) extracted 9 kilograms of pulp and hence dletected acids which occurred at exceedingly low concentrations. More refined methods will be required to obtain quantitative data on the keto acids and to note any changes during ripening.
The concentration of the major acidls changes markedly during the early stages of ripening at about the time of the climacteric and then tends to remain constant or increase slowly thereafter. In the unripe fruit, oxalic acid is the predominant acid. As the fruit ripens, malic acid and "citric peak" acidity increase 3 to 4-fold, while oxalic acid drops to about 60 % of its original value. The net result is a doubling of the organic acidity during ripening with malic acid becoming the predominant acid in ripe bananas.
The concentrations of malic acid at each stage of ripening show good agreement with those reported by Harris and Poland (8) . Barker and Solomos (2) also found a marked increase in malic acid during banana ripening. In other fruits, nmalic aci'l concentrations tend to fall (luring ripening and storage (10, 11, 14) , although there is one report that the malic acid concentration increases several fold (luring the ripening of apricots and cherries (26) .
Since so little is known about the overall process of fruit ripening, it is difficult to discuss the organic acid results in any meaningful biochemical or physiological terms. However, there are certain aspects of our results which deserve some comment. First 
Summary
The nonvolatile organic acids of the banana fruit pulp have been determined at various stages of ripening. Unripe fruit contained approximately 4.5 meq of total organic acidity per 100 g fresh weight. Oxalic acid made up about 50 % of this total, malic acid 35 %, and "citric peak" acidity (citric acid plus certain phosphates) 10 %. During ripening, both malic acid and "citric peak" acidity increased three to four-fold and oxalic acid dropped to about 60 % of its original value. The net result was a doubling of the organic acidity of the ripe fruit, with malic acid comprising about 65 % of the total, "citric peak" 20 %, and oxalic acid 10 %. The remaining acidity at all stages of ripeness consisted of a series of acids, each present in trace quantities. These included glutamic, aspartic, glutaric, quinic, glyceric, glycolic, and succinic acids plus a number of keto acids. The oxalic acid in bananas is present in some form other than calcium oxalate.
